DETECTION METHOD

Our method for cosmic string detection
involves finding pairs of similar galaxies,
an indication of lensing by a string.
Similarity can be measured by comparing
ellipticities [a], angles of inclination [b],
redshifts [c], and fluxes [d] of pairs of [a] [b]
objects. Images from the Great
Observatories Origins Deep Survey
(GOODS) were searched for pairs. This
survey used the Hubble Space Telescope
to observe the Hubble Deep Field North
and the Chandra Deep Field South.

WHAT DOES A COSMIC STRING D0?

FOSMIC STRING

pace time a deficit angle 8 = 8nGu/c?, where W is the string’s energy per
>en an observer and a galaxy, light from the galaxy travels in two paths
vill see an identical pair of galaxies, two distinct images of the same object.
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SMOOTHING AND NOISE .

The accuracy of the images
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obtained by the Hubble Space magenta: smoothed
oy Telescope 1s limited by the ‘
pixelization of the digital L
images. Depending on their original
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structure, and rectional symmetry is broken. 3 L e - > « S T images, as illustrated below. Smoothing helps to make up for these
the early universe expanded and cooled, it ex | - el v B uncertainties by blurring the image, exhausting all
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—_ T previous phase of the universe. CORRELATION

Ll -
How A STRING WOULD LOOK

Formation of cosmic strings The similarity between two objects can be

SR el assessed by calculating their correlation.
Correlation coefficients between objects
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GUT COSMIC STRINGS

] ) . ] . ) S — - 1 A and B were evaluated:
GUT Cosmic strings (predicted in some Grand Unified Theories) are an example of a topological de = _ ~ , ' _ ST 2.2 = 23 (LL)
that can result from the symmetry breaking at 103> seconds after the Big Bang. As spontaneous symmetry ”~ o L ' ' Bl A <R > O T A'B

breaking occurred, the Higgs field takes on different orientations in unconnected regions of space. Along ’ 5 ¢ N . - Vg S - Ay A e 3% 33, \ 21,7 + 2052 21,7 + 352
the boundaries, between these differently oriented regions of space, the previous vacuum energy (or phase) ' S " | >, R RN | Correlation of fluxes is described by c
is trapped, and a defect is formed. In the case of a cosmic string, mass-energy is concentrated in a long, ’ \ e . L (cllipticity and angle Olf
narrow strand with a radius a trillion times smaller than that of a hydrogen atom. v » inclination) are described by ¢ The
. K ~ 2
’ ) . T . .~ plots on the left show the distributions
SICAL SPACE ; P > 5 expectefi as background, obtgined by
- : correlating many random galaxies. The
' ‘ . A plots on the right display the expected
* \ . . signal from identical galaxies, obtained
| L . - ’ N - by correlating galaxies with their
. ¥ P . - 4 R Ly " smoothed and re-realized counterparts.
: | ;! ‘ - | R | ’ . . e, ¢ y ! ®
?:E;LGDS J . | - - A . N 5 0, e
. : : . 3 2 . ' | v
= e ] o e S e NG CONCLUSIONS

The figure above demonstrates the evolution of the complex scalar Higgs field. On the left, the temperature L . , - ' . ' o . -
dependent potential V(@) for high temperatures is indicated by the violet surface; the potential at lower o ' ' . ~ , : -
temperatures is represented by the yellow surface, and takes the form of the “Mexican hat”. For each of the two fields, | ) L g " . \ ¥ ” - ~ We have not yet found a cosmic string of energy scale 10'> GeV and longer
;]l?ehvacuum expectat'ioln value rc?slid(?sdip thedtlr)oughh of the potential. " AS (iliffe;'ent regions of the sl[l)gce transit. f{czm c;he . ' iyl " R . ‘ than 10” within the GOODS fields. However, this does not rule out the
igher temperature violet potential (indicated by the grey ball) to the lower temperature yellow potential (red or . - . . :
green balls), an arbitrary direction for the phase of the field is chosen. As indicated by the physical space ¢ . _ - ex.lStence of co.snzm.: Strings. GOQD S Only Covemd. a2 ﬁactlon of the sky,
diagram on the right, these random orientations do not always line up; along these boundaries a cosmic string will | ' : with 123 arcmin“ in the north field and 140 arcmin® in the south field.
form (red balls/lines). P TR SR - : X | . More wide-field surveys can be searched for strings using this technique of
NS o - v finding pairs of galaxies that are morphologically similar.
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Observational interest in cosmic strings was recently rekindled by the discovery of L afer . S5 PUN ' "
Capodimonte-Sternberg—Lens Candidate, No.1, or CSL-1. This pair of galaxies share

the same morphology and lie at a redshift of z=0.46. Further analysis shows that the
unusual pair could be a result of gravitational lensing, a double image caused by a
cosmic string.
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The field above shows two simulated cosmic strings at redshifts z=1.0 (dash) and z=0.5 (solid), placed
in the GOODS’ Hubble Deep Field North, section 33. The red and yellow circles identify lensed
pairs that result from the string. A string can be detected by finding identical pairs that follow the line
of the string.




